placed in 10 ml volume vials, mixed with 50 µl methanol (because of the standard solution dissolved in methanol) and 1 g sodium chloride (NaCl). The vials were sealed with a septum with a Teflon ® liner for HS-GC. The contents were thoroughly mixed and left for 1 h at room temperature (25˚C). SPME fiber was inserted into the HS of the vial, and extraction was performed for 5 min while the sample solution was stirred using a stirrer. The SPME fiber was immediately injected into the GC and held for 2 min.
Simultaneously, each worker's exposure dose to Tol in the breathing zone during work, Tol-TWA (time-weighted average), was measured using diffusive samplers (3M #3500 Organic Vapor Monitor Minnesota, USA). The assay of diffusive samplers was performed according to the manufacturer's analysis guide (3M 1992) . After the elution with 1.5 ml of carbon disulfide, GC was performed using a Shimadzu GC-8A (Kyoto, Japan) with a flame ionization detector (FID) under the following conditions: column, DB WAX (J & W California, USA), 30 m 0.53 mm I.D., 1.5 µm (film thickness); carrier, He 10 ml/min; make up, N 2 40 ml/min; oven, 55˚C; injection / detector, 150˚C.
As the Tol standard solution, a standard reagent for water quality analysis (Wako Pure Chemical Osaka, Japan), fibers with polydimethylsiloxane film thickness of 100 µm (SUPELCO No.5-7300 Pennsylvania, USA) were used.
The Tol-TWA of workers ranged from 3-108 ppm (n = 21). Tol-TWA and Tol-U among workers exposed to Tol showed a linear relation (r = 0.918) and we obtained a regression line with 0 intercept; y (Tol-U) = 1.37x (Tol-TWA). Using this equation, we estimated 69 µg/l of Tol-U corresponding to the 50 ppm occupational exposure limit of Tol (Tol-OEL), which is close to the JSOH recommendation (Tol-Bio-OEL 60 µg/l).
To assess the screening levels of Tol exposure by Tol-U, we estimated the individual 90% Tol-U limits according to Ogata's method 3) . Because the residual plots of Tol-U spread as Tol-TWA level increased, we pursued regression lines that did not show equal variance.
First, according to the distribution of Tol-TWA, workers were divided into four groups. Second, mean value and 90% confidence intervals of Tol-U of each group were calculated (Table 1) . Then, the regression lines of upper 5% and lower 5% limits with 0 intercept were estimated ( Fig. 1) . From the regression lines we estimated the upper (IL 5 ) and lower (IL 95 ) limits of Tol-U corresponding to Tol-OEL, which were 110 µg/l and 38 µg/l respectively. IL 5 indicates that workers with a Tol-U level greater than 110 µg/l are expected to have been exposed to Tol more than Tol-OEL with a 95% probability. IL 95 indicates that workers with a Tol-U level less than 38 µg/l are expected to have been exposed to Tol less than Tol-OEL with 95% probability.
From our findings we proposed tentative criteria for evaluation of Tol exposure by Tol-U (Table 2) . Level I, IL 5 indicates that workers with a Tol-U level greater than 110 µg/l are expected to have been exposed to Tol more than Tol-OEL (50 ppm) with a 95% probability. IL 95 indicates that workers with a Tol-U level less than 38 µg/l are expected to have been exposed to Tol less than Tol-OEL (50 ppm) with 95% probability.
less than Tol-U 38 µg/l, has least chance of exceeding Tol-OEL (probability 95% <). Level II, Tol-U 38-60 µg/l, has a low possibility of exceeding Tol-OEL. Level III, Tol-U 60-110 µg/l, has a high possibility of exceeding Tol-OEL. Level IV, more than Tol-U 110 µg/l, clearly exceeds Tol-OEL (probability 95% <). These criteria can be applied to the health management of workers who handle Tol. In case of Level I findings, there are no additional actions required but routine monitoring is recommended. In case of Level II, Tol exposure concentration (Tol-TWA) should be measured, and exposure reduction countermeasures should be taken if levels exceed Tol-OEL (50 ppm). In case of Level III or higher, Tol exposure reduction countermeasures are necessary and these must be taken immediately when in cases showing Level IV.
We proposed tentative criteria for assessing Tol exposure by Tol-U monitoring on-site. The criteria may become useful guidelines for health care for workers handling Tol. However, larger scale field tests are required to confirm the feasibility of the method from various aspects because the series examined in this study was small. 
